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Despite China’s being the largest and most rapidly aging country in the world, there have been no longitudinal stud-
ies investigating the relationship between retirement and cardiovascular disease risk factors in China. In this study, we
assessed the associations between retirement and systolic blood pressure, diastolic blood pressure, waist circumfer-
ence, body mass index, smoking status, and alcohol consumption over a 17-year period both before and after retire-
ment among 1,084 people (41.3% women) who participated in the China Health and Nutrition Survey (1991–2011) at
least once prior to the year in which they retired and at least once afterward. Piecewise models centered at the year of
retirement were applied. Retirement was accompanied by a reduction in diastolic blood pressure, a slowdown in the
increase of both systolic blood pressure and waist circumference, and a reduction in the probability of being a heavy
alcohol drinker. The association between retirement and blood pressure was stronger for men and for urban dwellers.
No signiﬁcant associations with body mass index or smoking were found. This study suggests that retirement may be
beneﬁcial for blood pressure, waist circumference, and alcohol consumption in the Chinese context. Understanding
the potential health inﬂuence of retirement is essential, given plans to raise the retirement age in China.
cardiovascular disease; China; longitudinal studies; piecewise regression; retirement; risk factors
Abbreviations: BMI, body mass index; CHNS, China Health and Nutrition Survey; CVD, cardiovascular disease; DBP, diastolic
blood pressure; SBP, systolic blood pressure; WC, waist circumference.
Population aging and proposals for delaying retirement in
many countries have led to greater interest in understanding
the potential long-term associations between retirement and
health (1–3). As an important life transition, retirement may
inﬂuence health by changing ﬁnancial resources, psycho-
social stressors, health behaviors, social integration, and
personal control (4, 5).
In terms of health outcomes, cardiovascular disease
(CVD) remains the biggest cause of death worldwide (6).
When studying the association between retirement and
CVD or its risk factors, it is important to consider reverse
causality, as poor health may be a determinant of retirement
(7), especially for early retirement (8). Longitudinal studies
in which CVD risk factors have been measured repeatedly
both before and after retirement provide an opportunity to
take account of this problem. Using this method, one French
study found that coronary heart disease and stroke were not
inﬂuenced by retirement (9), and an American study showed
that postretirement body mass index (BMI) did not change
in white-collar employees but increased in blue-collar work-
ers (10). Other longitudinal studies, carried out mostly in
Europe and the United States using different methods, have
found retirement to be associated with increased CVD (1, 3,
11) and metabolic risk (1, 2, 11), have found no association
with chronic conditions (12), or have found associations
with increased weight and waist circumference (WC) in
blue-collar workers (13, 14).
In China, rates of death from CVD have been increasing
(15, 16), and annual numbers of CVD events are predicted
to increase by 50% between 2010 and 2030 (17). In addi-
tion, population aging is occurring more rapidly in China
than in many developed countries (18), so China plans to
raise its mandatory retirement age for the ﬁrst time. The age
of mandatory retirement in China is currently 60 years for
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men, 50 years for blue-collar women, and 55 years for
white-collar women. An understanding of the associations
between retirement and CVD and CVD risk factors is par-
ticularly relevant to China. However, to our knowledge,
there is no longitudinal study in China which has examined
this. In this study, we aimed to understand the longitudinal
association between retirement and objective measures of
CVD factors, as well as self-reports of behavioral risk fac-
tors, in the China Health and Nutrition Survey (CHNS). We
also investigated whether the associations between retire-
ment and CVD risk factors vary by sex or between urban
and rural areas.
METHODS
Data
The CHNS has collected data in 1989, 1991, 1993, 1997,
2000, 2004, 2006, 2009, and 2011 from randomly selected
households in 9 provinces from northern to southern China
which vary substantially in terms of economic development,
public resources, and health indicators. One of the 9 pro-
vinces was added from 1997 onwards. Two cities and 4 coun-
ties were selected in each province. Thirty-two urban
communities and 30 suburban communities within cities and
32 townships and 96 rural villages within counties were ran-
domly selected in 1989. Twenty households per community/
township/village were randomly selected. All individuals in
each household were interviewed. Replenishment samples
have been recruited since 1997 (19, 20). Data from the 1989
wave were not used in this study, as only preschoolers and
adults aged 20–45 years had health outcomes measured in
1989. Survey proposals and the process for obtaining in-
formed consent for the CHNS were approved by the institu-
tional review committees of the University of North Carolina
at Chapel Hill, the Chinese National Institute of Nutrition and
Food Safety, and the China Center for Disease Control and
Prevention. Written informed consent was obtained from
each participant.
CVD risk factors
This study assessed 6 CVD risk factors: systolic blood
pressure (SBP), diastolic blood pressure (DBP), BMI, WC,
current smoking status, and alcohol consumption. Blood
pressure (mm Hg) was measured 3 times after 10 minutes’
seated rest. The mean of the last 2 measurements was used.
BMI was calculated as weight (kg) divided by height
squared (m2). WC (cm) was measured at the point midway
between the iliac crest and the costal margin. Current smok-
ing status and number of cigarettes smoked per day were
combined, and participants were categorized as nonsmokers,
current light/moderate smokers (<20 cigarettes/day), or cur-
rent heavy smokers (≥20 cigarettes/day) (21). Participants
were asked how much alcohol they had consumed each
week, on average, during the last year, separately for beer,
wine, and liquor. A total amount of pure ethanol consumed
per week was calculated assuming the following alcohol
content by volume (v/v): 4% for beer, 15% for wine, and
53% for liquor (22). Because the distribution of alcohol
consumption data was skewed, consumption was categorized
into 3 groups: nondrinker (77%), light/moderate drinker
(<60 g/day for men, <40 g/day for women), or heavy drinker
(≥60 g/day for men, ≥40 g/day for women) (23).
Statistical analysis
Among 22,861 adult CHNS participants, we identiﬁed
1,121 people who moved from an employment status of
“working” to “retired” between 1991 and 2011. In other
words, they had participated in the survey at least once prior
to the time of retirement and once afterward. Thirty-seven
people who retired before age 45 years were further excluded.
Therefore, the analysis sample included 1,084 people (636
men and 448 women) with 5,921 observations. Data on WC
and alcohol consumption were collected from 1993 onwards;
when modeling these 2 outcomes, we only included 970 indi-
viduals who retired after 1993.
Piecewise regression is a method of regression analysis in
which the independent variable is partitioned into intervals
and a separate line segment is ﬁtted to each interval. In this
study, we applied piecewise linear regression for continuous
outcomes and piecewise logistic regression for categorical
outcomes in Stata (StataCorp LP, College Station, Texas),
with 2 splines separated at the year of retirement. By testing
the differences in the slopes of the regression lines before and
after retirement, we were able to evaluate whether risk factors
were associated with retirement. This method assumes that the
regression lines can change directions but not intercepts at the
joint point. Quadratic terms for the 2 splines were included in
the piecewise model, if Wald tests showed a better ﬁt with
them. For each risk factor, we reported coefﬁcients for slope
before retirement and for slope change postretirement.
In every CHNS wave from 1997 onwards, participants
who reported that they were not currently working because
they were retired were asked about their year of retirement.
The ﬁrst answer given after retirement was used to reduce
recall bias. The midyear point between the working wave
and the retired wave was used for 49 individuals who did
not report their year of retirement and for 36 individuals who
only participated in 1991 and 1993. Being retired for less
than a year was counted as having been retired for 1 year.
Thus, the 20-year follow up from 1991 to 2011 allowed for
up to 19 years of observation both before (years −19 to −1)
and after (years +1 to +19) retirement. Because of the small
sample sizes in the ﬁrst and last 2 years of observation, we
only analyzed years −17 to +17.
To take account of the clustering of the data, analyses
using mixed models with repeated measures, individuals,
and households as the 3 random-effects levels were con-
ducted in Stata. For continuous outcomes, the models also
allowed for random coefﬁcients at the individual level.
Covariates
Sex, highest educational qualiﬁcation, and province were
included as covariates. Other time-ﬁxed covariates based on
the last response before retirement were spouse’s working sta-
tus/no spouse in the household, occupational skill level (using
the International Standard Classiﬁcation of Occupations) (24),
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physical activity level at the workplace, and per capita annual
household income in yuan (using already imputed household
income divided by family size and then log-transformed).
Smoking status, alcohol consumption, and BMI were also in-
cluded as time-ﬁxed covariates based on the preretirement
time point, except when they themselves were the key out-
comes of regressions. Time-varying community urbanization
index (constructed by the CHNS) was included as well. When
modeling blood pressure as an outcome variable, an indicator
of whether participants were taking antihypertensive medica-
tion was included as a time-varying covariate. All of the anal-
yses were centered at the year of retirement, so we included
age at retirement to adjust for the age effects at each time
point. We also included age in 1991 to control for the possibil-
ity of period effects that might be inﬂuential for particular age
cohorts.
Table 1. Preretirement Characteristics of Participants by Sex and Urbanicity in the China Health and Nutrition Survey, 1991–2011
Characteristic
Sex Urbanicity
Total (n = 1,084)
Male (n = 636) Female (n = 448) Urban (n = 902)a Rural (n = 182)b
Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) %
Retirement age, years 59.5 (6.3) 53.7 (6.3) 56.4 (6.5) 60.6 (7.8) 57.1 (6.9)
Age in 1991, years 49.2 (8.4) 42.6 (8.7) 45.7 (8.8) 50.1 (9.6) 46.4 (9.1)
Log household income, yuan 8.6 (1.5) 8.8 (1.7) 8.8 (1.5) 8.2 (1.5) 8.7 (1.5)
Educational attainment
No schooling completed 13.7 16.4 12.9 24.3 14.8
Primary school completed 19.2 13.3 15.7 22.1 16.7
Middle school completed 26.1 26.3 25.7 28.7 26.2
High school diploma 15.3 18.4 18.0 9.4 16.6
Technical degree 12.0 16.6 14.1 12.7 13.9
College degree/higher 13.7 9.0 13.6 2.8 11.8
Spouse’s employment status
Working spouse 42.3 71.5 52.9 61.8 54.3
Nonworking spouse 52.5 18.3 40.2 29.2 38.4
No spouse 5.2 10.2 6.9 9.0 7.3
Occupational skill level
1 (lowest) 14.4 7.3 5.6 40.8 11.5
2 33.3 49.8 42.5 27.9 40.1
3 19.3 24.1 22.1 17.3 21.3
4 (highest) 33.0 18.8 29.8 14.0 27.1
Workplace physical activity
Very light 36.1 35.2 40.1 13.5 35.7
Light 29.8 39.8 34.3 32.2 34.0
Moderate 18.7 18.3 19.1 15.8 18.5
Heavy/very heavy 15.4 6.7 6.5 38.5 11.8
Smoking statusc
Nonsmoker 43.1 97.3 69.3 50.6 66.3
Light/moderate smoker 27.1 2.1 15.9 18.5 16.3
Heavy smoker 29.8 0.6 14.8 30.9 17.4
Alcohol consumptiond
Nondrinker 41.8 88.4 63.9 54.4 62.3
Light/moderate drinker 47.7 10.1 30.6 34.4 31.2
Heavy drinker 10.5 1.5 5.5 11.2 6.5
Abbreviation: SD, standard deviation.
a Urban areas included urban communities, suburban communities, and townships. Forty-six percent of urban residents were women.
b Twenty percent of rural residents were women.
c Light/moderate smoking was deﬁned as <20 cigarettes/day; heavy smoking was deﬁned as ≥20 cigarettes/day.
d Light/moderate drinking was deﬁned as <60 g/day for men and <40 g/day for women; heavy drinking was deﬁned as ≥60 g/day for men and
≥40 g/day for women.
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Missing data handling
The percentage of missing data was 6.9% for SBP and
DBP, 7.6% for BMI, 6.6% for WC, 4.7% for smoking status,
and 5.5% for alcohol consumption. The percentage of miss-
ing data for covariates ranged from 0% to 5.3%, with the
most missing data being found for whether participants were
currently taking antihypertensive medication. Missing out-
come and covariate data in the 1,084 participants were multi-
ply imputed in R software (R Foundation for Statistical
Computing, Vienna, Austria) using multivariate imputation
by chained equations. We did not impute missing data if ana-
lytical samples were not present at that wave, and we did not
impute missing values for alcohol consumption and WC in
1991, since we only included individuals who retired after
1993 when modeling these 2 outcomes. The imputation pro-
cedure included covariates, outcomes, independent variables,
and moderators which were used in analysis models. Potential
mediators (time-varying household income, fat intake, and
energy intake) were also included. Missing values of time-
ﬁxed preretirement covariates (BMI, smoking, household
income) were not included in the imputation and were con-
structed from imputed time-varying values.
Imputation of multilevel data is still an open area of
research. R software includes the mice.impute.2L.pan() func-
tion, which was used to impute missing continuous data under
a linear 2-level model. The imputation was performed in a
wide format, and it used each individual’s identiﬁcation num-
ber as the “class variable” to specify that repeated measures be-
longed to the same person. Higher levels of the data structure
were not incorporated into the imputation. The proportion of to-
tal missing values was 23.5%, and 25 data sets were imputed.
Potential moderators
We assessed whether the associations between retirement
and CVD risk factors depended on sex or urbanicity (living in
an urban area or a rural area). Rural villages were classed as rur-
al areas, and the remaining areas were classed as urban areas.
RESULTS
Table 1 shows the descriptive characteristics of the
sample. Because many women look after the home full-time
or work in informal sectors of the economy, they made up
only 41% of the analytical samples. Men retired on average
5.8 years later than women and were socially advantaged in
terms of education and occupation, but they were much
more likely to be smokers and alcohol drinkers. Half of the
adults in the CHNS were from urban areas, but 84% of the
selected sample lived in urban areas. This is probably be-
cause retirement in our sample was concentrated among ur-
ban dwellers, while rural dwellers in China are often unable
to take true retirement (25). Compared with rural retirees,
urban retirees retired on average 4.2 years earlier, were
more socially advantaged in every respect, and were less
likely to be smokers or drinkers.
Retirement and CVD risk factors
The addition of quadratic terms did not improve the mod-
el ﬁts for SBP and DBP, so results from linear regression
analyses are shown in Table 2. Positive preretirement slopes
suggested that SBP and DBP increased with years before re-
tirement, and negative postretirement slope changes sug-
gested that the increasing preretirement slopes were reduced
after retirement. The straight lines in Figures 1 and 2 show
Table 2. Results From Piecewise Regression Analyses of the Association Between Retirement and Blood
Pressure in the China Health and Nutrition Survey, 1991–2011
Slope
Systolic Blood Pressure (n = 1,084) Diastolic Blood Pressure (n = 1,084)
βa 95% CI P Valueb βa 95% CI P Valueb
Preretirement linear slope 0.791 0.657, 0.925 <0.001 0.410 0.325, 0.494 <0.001
Postretirement change in linear slope −0.463 −0.663, −0.264 <0.001 −0.557 −0.682, −0.433 <0.001
Abbreviation: CI, conﬁdence interval.
a The model included adjustment for sex, province, age at retirement, age in 1991, highest educational qualiﬁca-
tion, preretirement characteristics (spouse’s employment status (or no spouse), household income, occupational skill
level, workplace physical activity level, smoking status, alcohol consumption, and body mass index), time-varying
community urbanization index, and use of antihypertensive medication.
b P value for piecewise linear regression; tests of statistical signiﬁcance were 2-sided.
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Figure 1. Trajectories of systolic blood pressure (SBP) before and
after retirement in the China Health and Nutrition Survey, 1991–2011.
The straight lines are the predicted trajectories, separated at the year
of retirement. The connected dots are the predicted mean values for
SBP in each year. The time of retirement is year 0.
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the trajectories of adjusted mean values for SBP and DBP.
SBP increased over time both before and after retirement,
but its growth rate was reduced after retirement. DBP in-
creased over time before retirement, but decreased after re-
tirement. The connected dots show the predicted mean
values for blood pressure in each year. Dots are evenly dis-
tributed around the piecewise lines, suggesting that the piece-
wise models ﬁtted the data well.
Table 3 shows results for adiposity measures. BMI changed
with years before retirement in a quadratic shape (P <
0.01). The joint P value (assuming both linear and quadratic
postretirement slope changes were zero) was 0.84, suggesting
that the shape of the BMI curve did not change after retire-
ment (the trajectory is shown in Web Figure 1, available at
http://aje.oxfordjournals.org/). Adding quadratic terms did
not improve the model ﬁt for WC (P = 0.25). WC increased
linearly with years before retirement, and the increasing
preretirement slope was reduced after retirement (P < 0.01).
Its trajectory (adjusted mean values) is shown in Figure 3.
Multinomial odds ratios (i.e., exponential coefﬁcients)
from logistic regression analyses are shown in Table 4. The
odds ratio for being a light/moderate drinker versus a non-
drinker was not changed signiﬁcantly after retirement, but
the odds ratio for being a heavy drinker versus a nondrinker
changed by 0.919 every year after retirement. In other
words, the ratio of the probability of being a heavy drinker to
the probability of being a nondrinker decreased by 8.1%
(1 − 0.919) every year after retirement, compared with the pre-
retirement pattern. We transformed odds ratios into predicted
probabilities for each drinking status by averaging across all
values of the covariates (Figure 4). The probability of being a
nondrinker increased from 48% at the beginning of the anal-
ysis period to 61.3% at the year of retirement and to 79.6% 17
years after retirement. The probability of being a light/moder-
ate drinker decreased from 42% to 25.5% at the year of retire-
ment, and it further decreased to 16.6% 17 years after
retirement. The probability of being a heavy drinker increased
from 10% at the beginning of the analysis period to 13.2% at
retirement but decreased to 4.4% at the end of the analysis pe-
riod. The average marginal effect of a 1-year increase after re-
tirement on the probability of being a heavy drinker was
−0.008 (P < 0.001), suggesting that retirement was associated
with a reduced probability of being a heavy drinker.
The odds ratio for being a smoker versus a nonsmoker
was not signiﬁcantly changed after retirement. Trajectories
in the probability are shown in Web Figure 2.
Moderators
We further tested whether the association between retire-
ment and CVD risk factors was moderated by sex or urbani-
city. Results for moderating factors are shown in Table 5.
Positive interaction terms for blood pressure suggested that
retirement-related blood pressure changes were weaker for
women than for men (for SBP, P < 0.01; for DBP, P = 0.03)
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Figure 2. Trajectories of diastolic blood pressure (DBP) before and
after retirement in the China Health and Nutrition Survey, 1991–2011.
The straight lines are the predicted trajectories, separated at the year
of retirement. The connected dots are the predicted mean values for
DBP in each year. The time of retirement is year 0.
Table 3. Results From Piecewise Regression Analyses of the Association Between Retirement and Adiposity
Measures in the China Health and Nutrition Survey, 1991–2011
Time Period and Slope
Body Mass Indexa (n = 1,084) Waist Circumference (n = 970)
βb 95% CI P Valuec βd 95% CI P Valuec
Preretirement
Linear slope 0.194 0.124, 0.264 <0.001 0.377 0.305, 0.448 <0.001
Quadratic slope −0.004 −0.007, −0.001 <0.01
Postretirement changee
Linear slope change 0.011 −0.055, 0.077 0.75 −0.142 −0.249, −0.035 <0.01
Quadratic slope change 0.001 −0.002, 0.004 0.64
Abbreviation: CI, conﬁdence interval.
a Weight (kg)/height (m)2.
b Results were fully adjusted (see Table 2, footnote “a”) except for use of antihypertensive medication and
preretirement body mass index.
c P value for piecewise linear regression; tests of statistical signiﬁcance were 2-sided.
d Results were fully adjusted (see Table 2, footnote “a”) except for use of antihypertensive medication.
e Joint signiﬁcance of the linear and quadratic slopes: P = 0.84.
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and weaker for rural dwellers than for urban dwellers (for
SBP, P < 0.01; for DBP, P = 0.04). There were no signiﬁcant
sex differences or urban-rural differences in the association
between retirement and WC or BMI. Moderating tests were
not conducted for alcohol consumption and smoking status,
since very few women and rural dwellers were drinkers or
smokers.
Sensitivity analysis
A total of 156 participants went back to work after retire-
ment. We repeated the analyses in a study sample with these
participants excluded, and this did not change the original
results (results not shown).
DISCUSSION
We found that retirement in China was accompanied by a
lower DBP, a slowdown in the increase of both SBP and
WC over time, and a reduction in the probability of being a
heavy alcohol drinker. We did not ﬁnd any association
between retirement and BMI or smoking.
Our results suggest, then, that retirement has a beneﬁcial
association with blood pressure, central obesity, and alco-
hol consumption, at least in the Chinese context. Hyper-
tension and central obesity are important risk factors for
CVD (26–29). For example, a meta-analysis has shown that a
20-mm Hg increase in SBP or a 10-mm Hg increase in DBP
is associated with more than a doubling in the CVD death
rate among people aged 40–69 years, and an even stronger as-
sociation in older people (27). Another study using partici-
pants from 52 countries found that WC was strongly related
to myocardial infarction risk, even after adjustment for BMI
and height (29). Additionally, there is evidence that heavy
drinking is associated with increased risks of having CVD
and dying from CVD (30, 31), and a 15-year prospective co-
hort study of 220,000 men aged 40–79 years from 45 areas in
China showed that CVD mortality increased linearly with
alcohol consumption (22).
China is characterized by extreme rural-urban disparity.
Long-term residents of urban areas in China usually work in
formal sectors of the economy and therefore have formal
wages, retire at mandatory ages, and receive generous pen-
sions. On the contrary, most rural residents are self-employed
in agriculture-related activities, with low incomes and pen-
sions, and are not restricted by mandatory retirement ages
(32). This study found a stronger beneﬁcial association
between retirement and blood pressure for urban dwellers.
One possible explanation is that postretirement ﬁnancial
stress in rural areas has offset the beneﬁcial association
with retirement.
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Figure 3. Trajectories of waist circumference (WC) before and after
retirement in the China Health and Nutrition Survey, 1991–2011. The
straight lines are the predicted trajectories, separated at the year of
retirement. The connected dots are the predicted mean values of WC
in each year. The time of retirement is year 0.
Table 4. Results From Piecewise Regression Analyses of the Association Between Retirement and Categorical
Behavioral Risk Factors in the China Health and Nutrition Survey, 1991–2011
Consumption Levela and Slope
Alcohol Drinking (n = 970) Smoking (n = 1,084)
ORb 95% CI P Valuec ORd 95% CI P Valuec
Light/moderate use versus nonuse
Preretirement 0.912 0.882, 0.942 <0.001 0.950 0.927, 0.974 <0.001
Postretirement change 1.005 0.957, 1.057 0.83 1.003 0.965, 1.042 0.89
Heavy use versus nonuse
Preretirement 0.955 0.918, 0.995 0.03 0.960 0.935, 0.985 <0.01
Postretirement change 0.919 0.862, 0.982 0.01 0.963 0.923, 1.005 0.08
Abbreviations: CI, conﬁdence interval; OR, odds ratio.
a Light/moderate smoking was deﬁned as <20 cigarettes/day; heavy smoking was deﬁned as ≥20 cigarettes/day.
Light/moderate drinking was deﬁned as <60 g/day for men and <40 g/day for women; heavy drinking was deﬁned as
≥60 g/day for men and ≥40 g/day for women.
b Results were fully adjusted (see Table 2, footnote “a”) except for use of antihypertensive medication and pre-
retirement alcohol consumption.
c P value for piecewise logistic regression; tests of statistical signiﬁcance were 2-sided.
d Results were fully adjusted (see Table 2, footnote “a”) except for use of antihypertensive medication and pre-
retirement smoking status.
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In addition, we have shown that the beneﬁcial association
between retirement and blood pressure were stronger for men
than for women. It’s likely that women’s family-related labor
burden increases after retirement, and high levels of family
obligation, such as caregiving, may be associated with in-
creased CVD (33, 34), which might reduce the beneﬁcial as-
sociation between retirement and blood pressure for women.
Besides, men are more likely to have unhealthy dietary and
drinking habits from coping with job stress (35). Stronger
beneﬁcial associations with retirement for men may be linked
to a healthier lifestyle after retirement, such as less drinking.
Comparison with previous studies
There are no previous longitudinal studies of retirement
and CVD risk factors in China with which to compare our re-
sults, but our ﬁndings differ from those of several recent
longitudinal studies conducted in Western counties which did
not ﬁnd any beneﬁcial association between retirement and
metabolic risk factors. For example, several studies based on
the Health and Retirement Study in the United States, in com-
parison with either working people or people at the preretire-
ment level, found that retirement was associated with
increased BMI (10), weight (13, 36), and illness conditions
(2). In another study using data from the English Longitu-
dinal Study of Ageing, Behncke (1) reported that retirement
increased the risk of having higher BMI and hypertension.
There are 3 possible reasons for the inconsistencies
between our ﬁndings and the Western results. First, exposure
to adverse working environments, particularly work-related
stress, has been linked with increased risks of hypertension
(37) and CVD (38, 39). Thus, if a job is perceived as less sat-
isfying or more stressful, retirement may instead lead to better
cardiovascular health outcomes. The working environment in
China is generally less favorable than that in developed coun-
tries, and therefore retirement in China may be beneﬁcial for
the health of older workers. Second, the notion of “ﬁlial
piety” is more salient in Chinese culture. Adult children in
China are highly motivated to care for and support their par-
ents ﬁnancially and emotionally (40, 41), and the proportion
living with aging parents in China is higher than that in West-
ern countries (42–44). These strong family ties may buffer the
impact of potentially stressful events in retirement for Chinese
retirees. Third, men and women in China retire much earlier
than people in the West. Early retirement has been suggested
to be linked to poorer postretirement health in some Western
studies (45, 46), but it might have a different health impact
when retiring at a younger age is the social norm.
0.2
0.4
0.6
0.8
0.0
1.0
P
ro
ba
bi
lit
y 
of
 A
lc
oh
ol
 C
on
su
m
pt
io
n
−17 −13 −9 −5 5 9 13 170
Time Before and After Retirement, years
Figure 4. Trajectories of the probabilities of alcohol consumption
before and after retirement in the China Health and Nutrition Survey,
1991–2011. The dashed line shows the probability of being a non-
drinker. The dashed-and-dotted line shows the probability of being a
light/moderate drinker (total amount of pure alcohol consumed:
<60 g/day for men, <40 g/day for women). The solid line shows the
probability of being a heavy drinker (total amount of pure alcohol con-
sumed: ≥60 g/day for men, ≥40 g/day for women). The connected
dots show the probabilities for each alcohol consumption status in
each year. The time of retirement is year 0.
Table 5. Moderation of the Associations Between Retirement and Selected Cardiovascular Disease Risk Factors by Sex and Urbanicity in the
China Health and Nutrition Survey, 1991–2011
CVD Risk Factor
No. of
Participants
in Analysis
Postretirement Change × Female Sex Postretirement Change × Rural Residence
β 95% CI PValuea
Joint P
Valueb β 95% CI
P
Valuea
Joint P
Valueb
Systolic blood pressure,
mm Hg
1,084 0.300 0.090, 0.509 <0.01 0.385 0.118, 0.652 <0.01
Diastolic blood pressure,
mm Hg
1,084 0.145 0.014, 0.276 0.03 0.170 0.008, 0.332 0.04
Waist circumference, cm 970 0.065 −0.041, 0.172 0.23 0.072 −0.058, 0.202 0.28
Body mass indexc 1,084 −0.007d −0.074, 0.060 0.84 0.51 −0.032d −0.120, 0.055 0.47 0.19
−0.001e −0.006, 0.004 0.68 0.005e −0.002, 0.011 0.14
Abbreviations: CI, conﬁdence interval; CVD, cardiovascular disease.
a P value for piecewise linear regression; tests of statistical signiﬁcance were 2-sided.
b Joint signiﬁcance of the linear interaction term (i.e., linear slope × moderators) and the quadratic interaction term (i.e., quadratic slope ×
moderators).
c Weight (kg)/height (m)2.
d Coefﬁcient of the linear postretirement change ×moderator.
e Coefﬁcient of the quadratic postretirement change ×moderator.
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Strengths and limitations
To our knowledge, this study is the only longitudinal
study in China to have examined the association between re-
tirement and CVD risk factors. The study beneﬁted from a
17-year observation period in which participants were eval-
uated both before and after retirement and in which blood
pressure and adiposity outcomes were objectively measured.
A multilevel framework was used to account for between-
and within-cluster effects (47). Missing values for the co-
variates were multiply imputed, which allowed for the use of
information from all cases. An advantage of this study was
the longitudinal analysis of the same individual both before
and after retirement, which largely reduces the likelihood of
reverse causality. We examined the slope change before and
after retirement rather than the values themselves. If some-
one were retired due to increased levels of CVD risk factors,
it would increase the mean values of the trajectories but not
the slopes.
The response rate in the CHNS is 80%–88% across all
waves relative to the previous wave, and 60% of individuals
who participated in 1989 remained in the study in 2011.
Thus, potential bias related to loss to follow-up is a general
limitation of this study, as people with CVD are more likely
to drop out and people who die of CVD are lost to follow-
up. Those who remained in the study after retirement might
have been healthier than those who retired after dropout.
Migrant workers who move from rural areas to urban areas
are also lost to follow-up, but their numbers should have
been very small because rural-to-urban migration usually
happens in younger workers, and migration was rare at the
time members of the study samples were young (48).
Another limitation is that the CHNS data were not
weighted to take account of the sampling design, as the sam-
pling frame was not available at baseline. Thus, these results
may not be generalizable to the population from which the
sample was selected.
In conclusion, our study suggests that retirement may be
beneﬁcial for blood pressure, central obesity, and alcohol
consumption in China, and it emphasizes the difference by
sex and urbanicity in this association. Understanding the
health impacts of retirement is essential if changes to retire-
ment policy are to be cost-effective to the economy and
beneﬁcial to the health of China’s older population.
ACKNOWLEDGMENTS
Author afﬁliations: Research Department of
Epidemiology and Public Health, Institute of Epidemiology
and Health Care, School of Life and Medical Sciences,
University College London, London, United Kingdom
(Baowen Xue, Jenny Head, Anne McMunn).
J.H. was partially supported by the United Kingdom
Economic and Social Research Council (grant ES/
K01336X/1) and by the United Kingdom Economic and
Social Research Council and the Medical Research Council
under the Lifelong Health and Wellbeing Cross-Council
Programme initiative (grant ES/L002892/1). A.M.’s time on
this work was supported by a European Research Council
Starting Grant (grant ERC-2011-StG_20101124).
Conﬂict of interest: none declared.
REFERENCES
1. Behncke S. Does retirement trigger ill health? Health Econ.
2012;21(3):282–300.
2. Dave D, Rashad RI, Spasojevic J. The effects of retirement on
physical and mental health outcomes. South Econ J. 2008;
75(2):497–523.
3. Moon JR, Glymour MM, Subramanian SV, et al. Transition to
retirement and risk of cardiovascular disease: prospective
analysis of the US Health and Retirement Study. Soc Sci Med.
2012;75(3):526–530.
4. Adams G, Prescher J, Beehr T, et al. Applying work-role
attachment theory to retirement decision-making. Int J Aging
Hum Dev. 2002;54(2):125–137.
5. Barnes-Farrell JL. Beyond health and wealth: attitudinal and
other inﬂuences on retirement decision-making. In: Adams GA,
Beehr TA, eds. Retirement: Reasons, Processes, and Results.
New York, NY: Springer Publishing Company; 2003:159–187.
6. World Health Organization. Global health estimates 2015:
deaths by cause, age, sex, by country and by region,
2000–2015. Geneva, Switzerland: World Health Organization;
2016. http://www.who.int/healthinfo/global_burden_disease/
estimates/en/index1.html. Accessed March 9, 2017.
7. Disney R, Emmerson C, Wakeﬁeld M. Ill health and
retirement in Britain: a panel data-based analysis. J Health
Econ. 2006;25(4):621–649.
8. Karpansalo M, Manninen P, Kauhanen J, et al. Perceived
health as a predictor of early retirement. Scand J Work
Environ Health. 2004;30(4):287–292.
9. Westerlund H, Vahtera J, Ferrie JE, et al. Effect of retirement
on major chronic conditions and fatigue: French GAZEL
occupational cohort study. BMJ. 2010;341:c6149.
10. Gueorguieva R, Sindelar JL, Wu R, et al. Differential changes
in body mass index after retirement by occupation:
hierarchical models. Int J Public Health. 2011;56(1):111–116.
11. Petrelli A, Gnavi R, Marinacci C, et al. Socioeconomic
inequalities in coronary heart disease in Italy: a multilevel
population-based study. Soc Sci Med. 2006;63(2):446–456.
12. Neuman K. Quit your job and get healthier? The effect of
retirement on health. J Labor Res. 2008;29(2):177–201.
13. Forman-Hoffman VL, Richardson KK, Yankey JW, et al.
Retirement and weight changes among men and women in the
Health and Retirement Study. J Gerontol B Psychol Sci Soc
Sci. 2008;63(3):S146–S153.
14. Nooyens AC, Visscher TL, Schuit AJ, et al. Effects of
retirement on lifestyle in relation to changes in weight and
waist circumference in Dutch men: a prospective study. Public
Health Nutr. 2005;8(8):1266–1274.
15. China National Center for Cardiovascular Diseases.
Report on Cardiovascular Diseases in China [in Chinese].
Beijing, China: National Center for Cardiovascular
Diseases; 2013.
16. National Bureau of Statistics of China. China Statistical
Yearbook. Beijing, China: National Bureau of Statistics of
China; 2014.
17. Moran A, Gu D, Zhao D, et al. Future cardiovascular disease
in China: Markov model and risk factor scenario projections
from the coronary heart disease policy model-China. Circ
Cardiovasc Qual Outcomes. 2010;3(3):243–252.
Am J Epidemiol. 2017;185(8):688–696
Retirement and CVD Risk Factors 695
18. Kinsella K, Wan H. An Aging World: 2008. Washington, DC:
US Government Printing Ofﬁce; 2009. (International
Population Reports, P95/09-1).
19. Popkin BM, Du S, Zhai F, et al. Cohort proﬁle: the China
Health and Nutrition Survey—monitoring and understanding
socio-economic and health change in China, 1989–2011. Int J
Epidemiol. 2010;39(6):1435–1440.
20. Zhang B, Zhai F, Du S, et al. The China Health and Nutrition
Survey, 1989–2011. Obes Rev. 2014;15(suppl 1):2–7.
21. Barua RS, Ambrose JA, Eales-Reynolds LJ, et al. Heavy and
light cigarette smokers have similar dysfunction of endothelial
vasoregulatory activity: an in vivo and in vitro correlation.
J Am Coll Cardiol. 2002;39(11):1758–1763.
22. Yang L, Zhou M, Sherliker P, et al. Alcohol drinking and
overall and cause-speciﬁc mortality in China: nationally
representative prospective study of 220,000 men with 15 years
of follow-up. Int J Epidemiol. 2012;41(4):1101–1013.
23. Rehm J, Room R, Monteiro M, et al. Alcohol use. In: Ezzati
M, Lopez AD, Rodgers A, et al., eds. Comparative
Quantiﬁcation of Health Risks. Geneva, Swizerland: World
Health Organization; 2004:959–1108.
24. International Labour Organization. Conceptual framework,
design, structure and content of ISCO-08. (Part 1, section 2).
In: International Standard Classiﬁcation of Occupations 2008
(ISCO-08). Vol. 1. Structure, Group Deﬁnitions and
Correspondence Tables. Geneva, Switzerland: International
Labour Organization; 2012:11–20. http://www.ilo.org/global/
publications/ilo-bookstore/order-online/books/WCMS_
172572/lang–en/index.htm. Accessed March 9, 2017.
25. de Brauw A, Rozelle S. Working until you drop: the elderly of
rural China. Chin J. 2004;52:73–94.
26. Zhou M, Offer A, Yang G, et al. Body mass index, blood
pressure, and mortality from stroke: a nationally representative
prospective study of 212,000 Chinese men. Stroke. 2008;
39(3):753–759.
27. Lewington S, Clarke R, Qizilbash N, et al. Age-speciﬁc
relevance of usual blood pressure to vascular mortality: a
meta-analysis of individual data for one million adults in 61
prospective studies. Lancet. 2002;360(9349):1903–1913.
28. Gu D, Kelly TN, Wu X, et al. Blood pressure and risk of
cardiovascular disease in Chinese men and women. Am J
Hypertens. 2008;21(3):265–272.
29. Yusuf S, Hawken S, Ounpuu S, et al. Obesity and the risk of
myocardial infarction in 27 000 participants from 52 countries:
a case-control study. Lancet. 2005;366(9497):1640–1649.
30. Ronksley PE, Brien SE, Turner BJ, et al. Association of
alcohol consumption with selected cardiovascular disease
outcomes: a systematic review and meta-analysis. BMJ. 2011;
342:d671.
31. Bazzano LA, Gu D, Reynolds K, et al. Alcohol consumption
and risk for stroke among Chinese men. Ann Neurol. 2007;
62(6):569–578.
32. Giles J, Wang D, Cai W. The labor supply and retirement
behavior of China’s older workers and elderly in comparative
perspective. In: Smith J, Majmundar M, eds. Aging in Asia:
Findings From New and Emerging Data Initiatives.
Washington, DC: National Academies Press; 2012:116–147.
33. Lee S, Colditz G, Berkman L, et al. Caregiving to children and
grandchildren and risk of coronary heart disease in women.
Am J Public Health. 2003;93(11):1939–1944.
34. Lee S, Colditz G, Berkman L, et al. Caregiving and risk of
coronary heart disease in US women: a prospective study. Am
J Prev Med. 2003;24(2):113–119.
35. Lindquist TL, Beilin LJ, Knuiman MW. Inﬂuence of lifestyle,
coping, and job stress on blood pressure in men and women.
Hypertension. 1997;29(1):1–7.
36. Chung S, Domino ME, Stearns SC. The effect of retirement on
weight. J Gerontol B Psychol Sci Soc Sci. 2009;64(5):
656–665.
37. Vrijkotte TG, van Doornen LJ, de Geus EJ. Effects of work
stress on ambulatory blood pressure, heart rate, and heart rate
variability. Hypertension. 2000;35(4):880–886.
38. Chandola T, Britton A, Brunner E, et al. Work stress and
coronary heart disease: what are the mechanisms? Eur Heart
J. 2008;29(5):640–648.
39. Kivimäki M, Virtanen M, Elovainio M, et al. Work stress in
the etiology of coronary heart disease—a meta-analysis. Scand
J Work Environ Health. 2006;32(6):431–442.
40. Lin JP, Yi CC. Filial norms and intergenerational support to
aging parents in China and Taiwan. Int J Soc Welf. 2011;
20(suppl 1):S109–S120.
41. Löckenhoff C, Lee D, Buckner K. Cross-cultural differences
in attitudes about aging: moving beyond the East-West
dichotomy. In: Cheng ST, Chi I, Fung HH, et al., eds.
Successful Aging: Asian Perspectives. New York, NY:
Springer Science & Business Media; 2015:321–338.
42. Kincannon CL, He W, West LA. Demography of aging in
China and the United States and the economic well-being of
their older populations. J Cross Cult Gerontol. 2005;20(3):
243–255.
43. Silverstein M, Cong Z, Li S. Intergenerational transfers and
living arrangements of older people in rural China:
consequences for psychological well-being. J Gerontol B
Psychol Sci Soc Sci. 2006;61(5):S256–S266.
44. Isengard B, Szydlik M. Living apart (or) together?
Coresidence of elderly parents and their adult children in
Europe. Res Aging. 2012;34(4):449–474.
45. Morris JK, Cook DG, Shaper AG. Non-employment and
changes in smoking, drinking, and body weight. BMJ. 1992;
304(6826):536–541.
46. Morris JK, Cook DG, Shaper AG. Loss of employment and
mortality. BMJ. 1994;308(6937):1135–1139.
47. Neuhaus JM, Kalbﬂeisch JD. Between- and within-cluster
covariate effects in the analysis of clustered data. Biometrics.
1998;54(2):638–645.
48. Fan CC. Migration, hukou, and the city. In: Yusuf S, Saich T,
eds. China Urbanizes: Consequences, Strategies and Policies.
Washington, DC: The World Bank; 2008:65–90.
Am J Epidemiol. 2017;185(8):688–696
696 Xue et al.
